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The  present  invention  re la tes   generally  to  the  f ield  of  

syntheses  of  methacrylic  acid  and  methacrolein,  and  more  p a r t i c u l a r l y  

to  syntheses  of  such  materials  using  heteropolyacid  c a t a l y s t s .  

Methacrylic  acid  and  methacrolein  are  chemical  species  which 

are  fundamental  to  the  p las t ics   industry.  Methacrylic  species,  such 

as  methacrylic  es ters ,   are  used  in  huge  quant i t ies   worldwide  for  d ive r se  

employment  in  the  formulation  of  s t ruc tu ra l ,   coating,  aesthet ic   and 

other  polymerizable  resin  systems.  Accordingly,  the  e f f i c i en t   syn thes i s  

of  methacrylic  acid  and  other  methacrylic  species,  such  as  methacro le in ,  

is  greatly  des i r ed .  

Isobutylene  oxide  is  a  readily  available  material   having  the 

requis i te   carbon  atom  s t ructure   for  transformation  into  methacry l ic  

acid  and  methacrolein  species.  Such  transformation,   however,  r equ i r e s  

both  oxidation  and  dehydration.  Accordingly, 



c a t a l y t i c   a g e n t s   which  a c c o m p l i s h   t h i s   t r a n s f o r m a t i o n   in  a  s e l e c -  

t i v e   and  e f f i c i e n t   manner  are  h i g h l y   d e s i r e d .  

H e t e r o p o l y a c i d s   are  a  r e c o g n i z e d   c l a s s   of  a c i d s   c o n t a i n -  

ing  l a r g e   amounts   of  oxygen  and  h y d r o g e n ,   and  m u l t i p l e   atoms  o f  

one  or  more  e l e m e n t s ,   such  as  molybdenum  or  t u n g s t e n ,   s u r r o u n d i n g  

one  or  more  h e t e r o a t o m s   of  a n o t h e r   e l e m e n t ,   such  as  p h o s p h o r u s .  

P o l y a n i o n s   of  such  a c i d s   c o n s i s t   p r i m a r i l y   of  o c t a h e d r a l   Mo06  o r  

W06  g r o u p s ,   so  t h a t   the   c o n v e r s i o n   of  [MoO4]2-  or  [W04]2-  i n t o  

p o l y a n i o n s   r e q u i r e s   an  i n c r e a s e   in  c o o r d i n a t i o n   number.   C o t t o n  

and  W i l k i n s o n ,   "Advanced  O r g a n i c   C h e m i s t r y " ,   4th  e d i t i o n ,   pp.  8 5 2 -  

861,  Wiley  &  Sons,  N.Y.  ( 1980 ) ,   d i s c l o s e   t h a t   h e t e r o p o l y a n i o n s  

can  be  formed  e i t h e r   by  a c i d i f i c a t i o n   of  s o l u t i o n s   c o n t a i n i n g  

the   r e q u i s i t e   s imp le   a n i o n s ,   or  by  i n t r o d u c t i o n   of  the   h e t e r o  

e l e m e n t   a f t e r   f i r s t   a c i d i f y i n g   the  m o l y b d a t e   or  t u n g s t a t e .   As 

i n d i c a t e d   at  Table   22-C-2  of  C o t t o n   and  W i l k i n s o n   (pg.  8 5 7 ) ,  

v a r i o u s   h e t e r o p o l y a n i o n   f o r m u l a   t y p e s   are  known,  i n c l u d i n g   t h e  

we l l   known  Keggin   and  Dawson  s t r u c t u r e s .   Thus,  as  used  h e r e i n ,  

the   term  " h e t e r o p o l y a c i d s "   r e f e r s   to  h e t e r o p o l y a c i d s   and  t h e i r  

s a l t s ,   i n c l u d i n g   h e t e r o p o l y a c i d s   of  the   Keggin   and  Dawson  s t r u c -  

t u r e s ,   as  we l l   as  o r g a n o h e t e r o p o l y   a n i o n s   and  h e t e r o p o l y   b l u e s ,  

as  d e s c r i b e d   in  the  a f o r e m e n t i o n e d   C o t t o n   and  W i l k i n s o n   a r t i c l e  

at   pages   852  t h r o u g h   861,  which   p u b l i c a t i o n   is  h e r e b y   i n c o r p o r a t e d  

by  r e f e r e n c e   as  i f   f u l l y   s e t   f o r t h   h e r e i n .  

I t   has  long  been  known  to  use  v a r i o u s   h e t e r o p o l y a c i d s  

to  c a t a l y z e   c e r t a i n   o r g a n i c   r e a c t i o n s .   For  e x a m p l e ,   U . S .  

P a t e n t   4 , 1 9 2 , 9 5 1 ,   d i s c l o s e s   vapor   phase   o x i d a t i o n   p r o c e d u r e s  

u t i l i z i n g   v a r i o u s   h e t e r o p o l y a c i d   c a t a l y s t s ,   i n c l u d i n g   h e t e r o p o l y -  

m o l y b d i c   c a t a l y s t s   c o n t a i n i n g   v a n a d i u m ,   t u n g s t e n ,   t a n t a l u m   o r  

n iob ium  a c t ,   which  c a t a l y s t s   a re   used  in  the  s y n t h e s i s   of  s u c h  

compounds  as  m a l e i c   ac id   and  a c e t i c   a c i d .  



S i m i l a r l y ,   in  U.S.  P a t e n t   4 , 1 4 6 , 5 7 4   e n t i t l e d   " P r o c e s s  

For  P r e p a r i n g   H e t e r o p o l y - A c i d s "   v a r i o u s   h e t e r o p o l y - a c i d   c a t a l y s t s  

are  d i s c l o s e d .   Such  c a t a l y s t s   are  d e s c r i b e d   as  f a c i l i t a t i n g   t h e  

o x i d a t i v e   d e h y d r o g e n a t i o n   of  i s o b u t y r i c   ac id   to  m e t h a c r y l i c   a c i d ,  

the  o x i d a t i v e   d e h y d r o g e n a t i o n   of  methy l   i s o b u t y r a t e   to  m e t h y l -  

m e t h a c r y l a t e   and  m e t h a c r y l i c   a c id ,   the   o x i d a t i v e   d e h y d r o g e n a t i o n  

of  i s o b u t y r a l d e h y d e   to  m e t h a c r o l e i n   and  m e t h a c r y l i c   a c i d ,   t h e  

o x i d a t i o n   of  m e t h a c r o l e i n   to  m e t h a c r y l i c   a c i d ,   a n d / o r   the  o x i d a -  

t i v e   d e h y d r o g e n a t i o n   of  m e t h y l i s o p r o p y l   k e t o n e   to  m e t h y l i s o p r o -  

penyl   k e t o n e .  

Vapor  phase   h e t e r o p o l y a c i d   c a t a l i z e d   r e a c t i o n s ,   such  a s  

d i s c l o s e d   in  U.S.  P a t e n t   4 , 1 4 6 , 5 7 4 ,   are   n o r m a l l y   c o n d u c t e d   u s i n g  

a  m i x t u r e   of  g a s e s ,   such  as  s team,   oxygen,   a n d / o r   n i t r o g e n   w h i c h  

are  p e r m i t t e d   to  c o n t a c t   a  c a t a l y t i c   s u b s t r a t e   for   p r e s e l e c t e d  

p e r i o d s   at  p r e s e l e c t e d   r e a c t i o n   t e m p e r a t u r e s .  

Summary  of  the  I n v e n t i o n  

The  p r e s e n t   i n v e n t i o n   p r o v i d e s   a  nove l   d i r e c t   s y n t h e s i s  

of  m e t h a c r y l i c   a c i d   and  m e t h a c r o l e i n   from  i s o b u t y l e n e   ox ide   c o m p r i -  

s ing   the  e x p o s u r e   of  a  m i x t u r e   of  i s o b u t y l e n e   ox ide   and  o x y g e n  

to  a  c a t a l y s t ,   p r e f e r a b l y   a  h e t e r o p o l y a c i d   c a t a l y s t ,   under   a p p r o -  

p r i a t e   r e a c t i o n   c o n d i t i o n s   to  p r o d u c e   a  r e a c t i o n   p r o d u c t   c o n t a i n -  

ing  v a r y i n g   p e r c e n t a g e s   of  m e t h a c r y l i c   ac id   and  m e t h a c r o l e i n .   The 

p r e f e r r e d   p r o c e s s   r e s u l t s   in  a  n e a r l y   100%  c o n v e r s i o n   of  i s o b u t y -  

lene   ox ide ;   the   r e a c t i o n   p r o d u c e s   combined  y i e l d s   of  m e t h a c r y l i c  

s p e c i e s   in  the  50-68%  r a n g e .  

In  a c c o r d a n c e   wi th   the   p r e f e r r e d   method  of  the  p r e s e n t  

i n v e n t i o n ,   s e l e c t i v i t y   b e t w e e n   m e t h a c r y l i c   ac id   and  m e t h a c r o l e i n  

may  be  a d j u s t e d   by  v a r y i n g   the  r e a c t i o n   t e m p e r a t u r e .   At  l o w e r  

t e m p e r a t u r e s ,   such  as  abou t   280°C,  r e l a t i v e l y   g r e a t e r   y i e l d s   o f  



m e t h a c r o l e i n   are   o b t a i n e d ,   w h i l e   at  t e m p e r a t u r e s   a p p r o a c h i n g  

330°C  r e l a t i v e l y   g r e a t e r   y i e l d s   of  m e t h a c r y l i c   a c i d   are  p r o d u c e d .  

A c c o r d i n g l y ,   a  p r i m a r y   o b j e c t   of  the  p r e s e n t   i n v e n t i o n  

is  the   p r o v i s i o n   of  a  s i n g l e   s t e p   s y n t h e s i s   of  m e t h a c r y l i c   a c i d  

a n d / o r   m e t h a c r o l e i n   from  i s o b u t y l e n e   o x i d e .  

A n o t h e r   o b j e c t   of  the   p r e s e n t   i n v e n t i o n   is  the   p r o v i -  

s ion   of  a  s i m p l e ,   vapor   phase   o x i d a t i o n   of  i s o b u t y l e n e   ox ide   t o  

p r o d u c e   m e t h a c r o l e i n   a n d / o r   m e t h a c r y l i c   a c i d .  

A  f u r t h e r   o b j e c t   of  the   p r e s e n t   i n v e n t i o n   is  the  p r o v i -  

s ion   of  a  h e t e r o p o l y a c i d   c a t a l y z e d   method  fo r   c o n v e r t i n g   i s o b u t y -  

lene   ox ide   i n t o   m e t h a c r y l i c   a c i d   a n d / o r   m e t h a c r o l e i n .  

These   and  o t h e r   o b j e c t s   of  the   p r e s e n t   i n v e n t i o n   w i l l  

become  a p p a r e n t   from  the  f o l l o w i n g ,   more  d e t a i l e d   d e s c r i p t i o n .  

B r i e f   D e s c r i p t i o n   of  the   D r a w i n g  

Fig .   1  is  a  d i a g r a m   of  the   l a b o r a t o r y   a p p a r a t u s   u t i l i z e d  

in  p e r f o r m i n g   a  p r e f e r r e d   embodiment   of  the  method  of  the  p r e s e n t  

i n v e n t i o n .  

D e s c r i p t i o n   of  the  P r e f e r r e d   E m b o d i m e n t s  

While   p a r t i c u l a r   examples   have  been  s e l e c t e d   in  t h e  

f o l l o w i n g   d e s c r i p t i o n   for   the   p u r p o s e s   of  i l l u s t r a t i o n ,   one  o f  

o r d i n a r y   s k i l l   in  the   a r t   w i l l   r e c o g n i z e   t h a t   v a r i o u s   m o d i f i c a -  

t i o n s   can  be  made  in  the  m a t e r i a l s   and  methods   d e s c r i b e d   h e r e i n  

w i t h o u t   d e p a r t i n g   from  the  scope   of  the  p r e s e n t   i n v e n t i o n ,   w h i c h  

is  d e f i n e d   more  p a r t i c u l a r l y   in  the   appended   c l a i m s .  

While   i t   is  a n t i c i p a t e d   t h a t   the  method  of  the  p r e s e n t  

i n v e n t i o n   is  u s e f u l   wi th   any  of  the   h e t e r o p o l y a c i d   c a t a l y s t s  

d e s c r i b e d   above ,   the   p r e f e r r e d   c a t a l y s t   fo r   use  in  the  p r e s e n t  

i n v e n t i o n   is  1 0 - m o l y b d o - 2 - v a n a d o p h o s p h o r i c   a c i d   which  may  b e  

p r e p a r e d   as  d e s c r i b e d   by  T s i g d i n o s   and  H a l l a d a   in  I n o r g a n i c  



C h e m i s t r y   7,  437  (1968) .   In  p a r t i c u l a r ,   t h i s   c a t a l y s t ,   h a v i n g  

the  e m p i r i c a l   f o rmu la   H5PV2Mol0040  was  p r e p a r e d   as  f o l l o w s :  

Sodium  m e t a v a n a d a t e   (24.4   grams)  was  d i s o l v e d   in  100  m i l l i l i t e r s  

of  b o i l i n g   w a t e r   and  then  mixed  wi th   7.1  grams  of  Na2HP04 

d i s s o l v e d   in  100  m i l l i l i t e r s   of  w a t e r .   A f t e r   the  s o l u t i o n   was  

c o o l e d ,   5  m i l l i l i t e r s   of  98%  s u l f u r i c   ac id   was  added  c a u s i n g   t h e  

r e s u l t i n g   s o l u t i o n   to  d e v e l o p   a  red  c o l o r .   An  a d d i t i o n   of  121 

grams  of  Na2Mo04.2H20  d i s o l v e d   in  200  m i l l i l i t e r s   of  w a t e r   was 

then   made  w h i l e   the  s o l u t i o n   was  vigorously  s t i r r e d .   85  m i l l i -  

l i t e r s   of  98%  s u l f u r i c   ac id   was  t hen   added  s l o w l y   and  the  h o t  

s o l u t i o n   a l l o w e d   to  cool   to  room  t e m p e r a t u r e .   The  1 0 - m o l y b d o - 2 -  

v a n a d o p h o s p h o r i c   ac id   was  then   e x t r a c t e d   i n t o   500  m i l l i l i t e r s  

of  d i e t h y l   e t h e r .   Air  was  p a s s e d   t h r o u g h   the  h e t e r o p o l y   e t h e r a t e  

(bo t tom  l a y e r )   to  f r e e   i t   from  e t h e r .   The  s o l i d   r e s i d u e   was  

d i s o l v e d   in  w a t e r ,   c o n c e n t r a t e d   to  f i r s t   a p p e a r a n c e   of  c r y s t a l s  

in  a  r o t a r y   e v a p o r a t o r ,   and  t hen   a l l o w e d   to  c r y s t a l i z e   f u r t h e r .  

The  red,   c r y s t a l i n e   p r o d u c t   was  f i l t e r e d ,   washed  wi th   a  l i t t l e  

cold  w a t e r ,   and  a i r   d r i e d .   The  c a t a l y s t   was  c a l c i n e d   o v e r n i g h t  

at  220°C  in  an  a u t o m a t i c   f u r n a c e   (The rmolyne   type   model  2000)  

wi th   a  c o n s t a n t   flow  of  a i r .   The  f i n a l   c a t a l y s t   a c q u i r e d   a  

r e d d i s h - b r o w n   c o l o r   and  gave  a  c l e a r ,   red,   a c i d i c   s o l u t i o n   (pH 

of  a p p r o x i m a t e l y   1)  when  d i s s o l v e d   in  w a t e r .  

R e f e r r i n g   now  to  Fig .   1,  a  l a b o r a t o r y   s c a l e   a p p a r a t u s  

for   use  in  p e r f o r m i n g   the  method  of  the  p r e s e n t   i n v e n t i o n   i s  

i l l u s t r a t e d .   This   a p p a r a t u s   c o m p r i s e s   a  r e a c t o r   d e s i g n a t e d   g e n -  

e r a l l y   100  and  a  s e r i e s   of  c o l l e c t i o n   t r a p s   d e s i g n a t e d   g e n e r a l l y  

102,  104,  106  and  108.  R e a c t o r   100  c o m p r i s e s   a  g l a s s   r e a c t o r  

v e s s e l   110  which  is  fed  t h r o u g h   s i d e   arm  112  and  which  e x h a u s t s  

t h r o u g h   o u t p u t   c o n d u i t   114.  This  r e a c t o r   is  f i t t e d   wi th   an  a x i -  

a l l y   d i s p o s e d   t h e r m o m e t e r   we l l   116.  R e a c t o r   v e s s e l   110  c o n t a i n s  



a  c a t a l y s t   bed  118  l o c a t e d   w i t h i n   the  r e a c t o r   f low  s t r e a m   b e t w e e n  

g l a s s   bead  p a c k i n g s   120  and  122.  In  a  p r e f e r r e d   embodiment ,   t h e  

c a t a l y s t   bed  c o m p r i s e s   50%  H5PV2Mo10  040  d e p o s i t e d   on  a  s u i t a b l e  

s i l i c a   s u b s t r a t e ,   such  as  C e l i t e   408  s i l i c a   which  is  s o l d   by  t h e  

J o h n s - M a n v i l l e   Company,  Denver ,   C o l o r a d o .   Dur ing   use,   the  r e a c t o r  

is  submerged  in  a  s a l t   ba th   (not   shown)  f i l l e d   wi th   60%  ZnCl2,  20% 

NaCl,  and  20%  KC1,  h e a t e d   to  the  d e s i r e d   t e m p e r a t u r e s .   An  I s c o  

pump  model  314  was  used  to  feed  a  p r e m i x e d   aqueous   i s o b u t y l e n e  

ox ide   s o l u t i o n   to  a  p r e - h e a t e r   where  the  l i q u i d   feed  was  v a p o r i z e d  

and  p a s s e d   on  t o  t h e   c a t a l y s t   bed.   Oxygen  and  n i t r o g e n   were  s i m u l -  

t a n e o u s l y   fed  i n t o   the   r e a c t o r   u s i n g   a  flow  m e t e r ,   model  10A1460,  

which  may  be  o b t a i n e d   from  F i s h e r   and  P o r t e r .  

The  r e a c t i o n   p r o d u c t s   p r o d u c e d   in  r e a c t o r   100  w e r e  

c o l l e c t e d   in  the  r e c o v e r y   t r a i n   c o m p r i s i n g   t r a p s   102,  104,  106 

and  108.  C o n d e n s a t i o n   t r a p   102  c o m p r i s e s   c o l l e c t i o n   v e s s e l   140 

c o n t a i n i n g   a  dual   p o r t   s t o p p e r   142  fo r   r e c e i v i n g   c o n d u i t   114  a n d  

tube   144  which  are  j o u r n a l e d   t h e r e t h o u g h .   C o l l e c t i o n   v e s s e l   140 

is  p a r t i a l l y   immersed  in  ice   c o n t a i n e d   w i t h i n   b e a k e r   146.  R e a c -  

t i o n   p r o d u c t s   148  are   thus   c o l l e c t e d   by  c o n d e n s a t i o n   w i t h i n  

c o l l e c t i n g   v e s s e l   140.  Those  p r o d u c t s   which  do  not  condense   a s  

l i q u i d s   w i t h i n   r e a c t i o n   v e s s e l   140  are  p a s s e d   t h r o u g h   tube  144 

to  c o l l e c t i o n   t r a p   104,  which  s i m i l a r l y   c o m p r i s e s   c o l l e c t i o n  

v e s s e l   150,  s t o p p e r   152  and  ice   w a t e r   c o n t a i n e r   154  for   f u r t h e r  

f a s c i l i t a t i n g   the  c o l l e c t i o n   of  c o n d e n s e d   r e a c t i o n   p r o d u c t s  

1 5 8 .  

As  shown  in  F i g u r e   1,  g a seous   p r o d u c t s   not   c o l l e c t e d  

in  t r a p   104  pass   t h r o u g h   c o n d u i t   156  to  c a r b o n   d i o x i d e   c o l l e c t i o n  

t r a p   106.  Carbon  d i o x i d e   c o l l e c t i o n   t r a p   106  s i m i l a r l y   c o m p r i s e s  

a  c o l l e c t i o n   v e s s e l   160  f i t t e d   w i th   a  dua l   a p e r t u r e d   r u b b e r   s t o p -  

pe r   162.  C o l l e c t i o n   v e s s e l   160  c o n t a i n s   a  sodium  h y d r o x i d e   s o l u -  



t i o n   for   c o l l e c t i n g   c a rbon   d i o x i d e ,   the  amount  of  which  can  b e  

s u b s e q u e n t l y   d e t e r m i n e d   by  back  t i t r a t i n g   w i th   an  a c id .   A f t e r  

p a s s i n g   t h r o u g h   o u t p u t   tube   164  to  a  d r y i n g   tube   168  for   r e m o v i n g  

w a t e r   vapor   from  the  p r o c e s s   s t r e a m ,   the   s t r e a m   is  fed  t h r o u g h  

i n p u t   tube   170  to  the  c o l l e c t i o n   v e s s e l   172  of  v o l a t i l e   p r o d u c t s  

t r a p   108.  V o l a t i l e   p r o d u c t s   t r a p   108  f u r t h e r   c o m p r i s e s   a  c o n t a i n e r  

174  which  h o l d s   a  dry  i c e / a c e t o n e   b a t h   in  which  at  l e a s t   a  p o r t i o n  

of  c o l l e c t i o n   v e s s e l   172  is  immersed .   The  p r o c e s s   s t r eam  is  t h e n  

v e n t e d   t h r o u g h   e x h a u s t   tube   1 8 0 .  

T o t a l   a c i d s   ( i s o b u t y r i c   a c i d ,   a c e t i c   ac id   and  m e t h a -  

c r y l i c   a c i d )   r e c o v e r e d   from  t r a p s   1  and  2  were  then   d e t e r m i n e d  

by  t i t r a t i n g   the  aqueous   s o l u t i o n s   w i th   0 .10  M  NaOH  u s i n g   p h e n o l -  

p h t h a l e i n   as  the  i n d i c a t o r .   As  m e n t i o n e d   above ,   ca rbon   d i o x i d e  

c o l l e c t e d   in  t r a p   I I I   (106)  was  d e t e r m i n e d   by  back  t i t r a t i o n   s u c h  

as  w i th   0.10  N  HC1.  The  r e a c t i o n   p r o d u c t s   c o l l e c t e d   by  t r a p s   1 

and  2  were  f u r t h e r   s u b j e c t e d   to  gas  c h r o m a t o g r a p h i c   a n a l y s i s   t o  

d e t e r m i n e   the  p e r c e n t   c o n v e r s i o n   and,  where  a p p r o p r i a t e ,   t h e  

p e r c e n t   s e l e c t i v i t y   of  the   r e a c t i o n .   Gas  c h r o m a t o g r a p h i c   a n a l y s i s  

was  a l s o   used  to  d e t e r m i n e   ca rbon   d i o x i d e ,   oxygen,   and,  w h e r e  

a p p r o p r i a t e ,   c a rbon   monoxide ,   u s i n g   N2  as  the   s t a n d a r d .  

As  used  h e r e i n ,   p e r c e n t   c o n v e r s i o n   e q u a l s   the  moles  o f  

i s o b u t y l e n e   oxide   r e a c t e d   d i v i d e d   by  the  moles   of  i s o b u t y l e n e  

ox ide   ac id   s u p p l i e d   t imes   100.  In  each  i n s t a n c e ,   100%  c o n v e r s i o n  

of  i s o b u t y l e n e   ox ide   was  o b t a i n e d .   As  used  h e r e i n ,   p e r c e n t   s e l e c -  

t i v i t y   r e f e r s   to  the  number  of  moles  of  a  g iven   end  p r o d u c t  

r e c o v e r e d   d i v i d e d   by  the  number  of  moles  of  s t a r t i n g   m a t e r i a l  

( i s o b u t y l e n e   o x i d e )   r e a c t e d   t imes   100.  S ince   100%  of  the  i s o b u -  

t y l e n e   ox ide   u t i l i z e d   in  the  r e a c t i o n s   d e s c r i b e d   h e r e i n   in  f a c t  

r e a c t e d ,   the   p e r c e n t   s e l e c t i v i t y   v a l u e s   e q u a l   the  p e r c e n t   o f  

g iven   r e a c t i o n   p r o d u c t   found  in  the   r e a c t i o n   m i x t u r e .  



Using  the  50%  H5PV2Mo10O40/Ce l i t e   408  c a t a l y s t   r e f e r r e d  

to  above,   runs   of  i s o b u t y l e n e   ox ide   at  v a r i o u s   t e m p e r a t u r e s   w e r e  

c o n d u c t e d ,   which  runs   are   summar ized   in  Table   1:  

As  seen  from  Tab le   I,  m e t h a c r o l e i n   is  the   major   p r o d u c t ,  

below  300°C,  w i th   l e s s   than   10%  m e t h a c r y l i c   ac id   b e i n g   p r o d u c e d  

at   t h a t   t e m p e r a t u r e .   By  i n c r e a s i n g   the  t e m p e r a t u r e   of  the  r e a c t i o n  

to  330°C,  g r e a t e r   p e r c e n t a g e s   of  a c e t i c   ac id   and  c a r b o n   d i o x i d e  

are  o b t a i n e d   w h i l e   the   y i e l d   of  m e t h a c y r l i c   a c i d   i n c r e a s e s   f r o m  

7  to  12%.  S ince   m e t h a c r o l e i n   can  be  r e a d i l y   o x i d i z e d   to  m e t h a -  

c r y l i c   a c i d   ( f o r   example   t h r o u g h   s u b s e q u e n t  h e t e r o p o l y a c i d   c a t a l y t i c  

o x i d a t i o n ) ,   i t   is  p r e s e n t l y   p r e f e r r e d   to  maximize   the  y i e l d s   o f  

m e t h a c r y l i c   s p e c i e s   ( m e t h a c r y l i c   ac id   and  m e t h a c r o l e i n ) .   I n  

Tab le   I,  such  s p e c i e s   are  maximized   at  280°C  where  such  s p e c i e s  

c o m p r i s e   68%  of  the  r e a c t i o n   p r o d u c t s .  



From  the  f o r e g o i n g   d e s c r i p t i o n ,   one  of  o r d i n a r y   s k i l l  

in  the  a r t   w i l l   r e c o g n i z e   t h a t   the   r e a c t i o n   of  the   p r e s e n t   i n v e n -  

t i o n   shou ld   be  c o n d u c t e d   at  s u f f i c i e n t   t e m p e r a t u r e s   to  f a c i l i t a t e  

the  c o n v e r s i o n   of  the   s u b j e c t   s u b s t r a t e   to  the  d e s i r e d   end  p r o -  

d u c t ( s ) ,   but   below  the  t e m p e r a t u r e   at  which  s u b s t a n t i a l   d e c o m p o s i -  

t i o n   of  the  s u b j e c t   c a t a l y s t   o c c u r s .   For  example ,   at  a t m o s p h e r i c  

p r e s s u r e s ,   the   t e m p e r a t u r e   of  the  b a t h   in  which  the  c a t a l y s t   i s  

c o n t a i n e d   shou ld   be  m a i n t a i n e d   b e t w e e n   about   280-350°C,   and  more  

p r e f e r a b l y   be tween   280 -320°C .   A d d i t i o n a l l y ,   the  s u b j e c t   r e a c t i o n s  

may  be  run  at  p r e s s u r e s   b e t w e e n   5-50  p s i g ,   p r e f e r a b l y   10-30  p s i g .  

I t   is  a l s o   p r e f e r r e d   to  use  an  i n e r t   d i l u e n t   gas  to  b r i n g   t h e  

sys tem  up  to  p r o p e r   o p e r a t i n g   p r e s s u r e s   and  to  o t h e r w i s e   m a i n t a i n  

f a v o r a b l e   r e a c t i o n   c o n d i t i o n s .   Such  i n e r t   d i l u e n t s   i n c l u d e   a n y  

gas  which  is  o t h e r w i s e   i n e r t   to  the  sys t em,   i n c l u d i n g ;   for   e x a m p l e ,  

a rgon ,   h e l i u m ,   n i t r o g e n ,   c a rbon   d i o x i d e   and  e x c e s s   s team.   In  a n y  

even t ,   the  s u b j e c t   r e a c t i o n s   s h o u l d   be  run  wi th   enough  steam  t o  

s t a b i l i z e   the  c a t a l y s t   by,  for   example ,   m a i n t a i n i n g   the  h y d r a t i o n  

of  the  c a t a l y s t .   C o n t a c t   t ime  of  the   s u b s t r a t e   w i th   the  c a t a l y s t  

shou ld   be  c o n t r o l l e d   to  a c h i e v e   optimum  p e r c e n t a g e s   of  c o n v e r s i o n  

at  d e s i r e d   s e l e c t i v i t i e s .   Such  c o n t a c t   t imes   t y p i c a l l y   r a n g e  

be tween   0 . 1 - 1 0   s econds   p r e f e r a b l y   b e t w e e n   0 . 5 - 5   s e c o n d s .   I n  

p e r f o r m i n g   the  s u b j e c t   r e a c t i o n s ,   s u f f i c i e n t   oxygen  shou ld   b e  

i n t r o d u c e d   to  a c c o m p l i s h   the   d e s i r e d   o x i d a t i o n .   G e n e r a l l y ,   0 . 1 - 2 5 ,  

p r e f e r a b l y   1  - 1 2  ,   mola r   e q u i v a l e n t s   of  oxygen  per   mole  of  s u b s t r -  

a te   shou ld   be  i n t r o d u c e d   w i th   the   s u b s t r a t e   to  c a r r y   out  t h e  

s u b j e c t   o x i d a t i o n .   One  of  o r d i n a r y   s k i l l   w i l l   f u r t h e r   r e c o g n i z e  

t h a t   v a r i o u s   c a t a l y s t   s u p p o r t s   o t h e r   than   s i l i c a   may  be  used  w i t h  

the  d i s c l o s e d   c a t a l y s t .   S e e  f o r   example ,   U.S.  P a t e n t   4 , 1 4 6 , 5 7 4 ,  

column  3,  l i n e s   47-66 ,   which   p a t e n t   is  h e r e b y   i n c o r p o r a t e d   b y  

r e f e r e n c e .  



One  of  o r d i n a r y   s k i l l   w i l l   f u r t h e r   r e c o g n i z e   t h a t   w h i l e  

a  h e t e r o p o l y a c i d   c a t a l y s t   is  p r e f e r r e d ,   o t h e r   m e t a l   ox ide   c a t a l y s t s  

may  be  used  to  a c c o m p l i s h   the  s u b j e c t   c o n v e r s i o n .   Such  c a t a l y s t s  

i n c l u d e   o x i d e s   of  the   m e t a l s   of  Groups  IV  A,  V  A,  VI  A,  VII  A, 

V I I I ,   I  B  of  the  P e r i o d i c   Tab le   of  E l e m e n t s ,   as  we l l   as  t h a l l i u m ,  

t i n ,   l e a d ,   a r s e n i c ,   a t i m o n y ,   b i s m u t h ,   p h o s p h o r o u s ,   c e r ium,   u r a n i u m  

and  t h o r i u m .  

As  seen  from  the  above ,   a  nove l   method  for   c o n v e r t i n g  

i s o b u t y l e n e   ox ide   to  a  r e a c t i o n   p r o d u c t   c o m p r i s i n g   m e t h a c r o l e i n  

and  m e t h a c r y l i c   a c i d   is  p r o v i d e d ,   which ,   under   p r e f e r r e d   r e a c t i o n  

c o n d i t i o n s ,   a p p r o a c h e s   a  combined  y i e l d   of  70%,  w h i l e   p r o d u c i n g  

s ide   p r o d u c t s   c o m p r i s i n g   a c e t i c   a c i d ,   a c e t o n e ,   f o r m a l d e h y d e ,  

ca rbon   d i o x i d e ,   and  in  some  i n s t a n c e s ,   a  minor   amount  of  i s o b u -  

t y r i c   a c i d .  



1.  A  method  for  producing  methacrolein  and/or  methacrylic  acid 

comprising: 

contacting  a  ca ta lys t   with  an  isobutylene  oxide  vapor  in  

the  presence  of  oxygen  to  produce  a  reaction  mixture  containing  sa id  

methacrolein  and/or  methacrylic  ac id .  

2.  The  method  of  Claim  1  wherein  said  ca ta lys t   is  a  metal  oxide 

c a t a l y s t .  

3.  The  method  of  Claim  2  wherein  said  ca ta lys t   is  a  he te ropolyac id  

ca ta lys t   or  salt   t he reo f .  

4.  The  method  of  Claim  3  in  which  the  ca ta lys t   comprises 

10-molybdo-2-vanadophosphoric  acid  (in  a  salt   t h e r e o f ) .  

5.  The  invention  of  Claim  3  or  Claim  4  wherein  said  method  f u r t h e r  

comprises  deposition  of  said  heteropolyacid  ca ta lys t   upon  a  support ing 

surface,  and  where  said  contacting  is  by  introducing  a  regulated  stream 

of  said  isobutylene  oxide  and  said  oxygen  to  said  c a t a l y s t .  

6.  The  method  of  Claim  5  wherein  said  regulated  stream  f u r t h e r  

contains  H20  and  N2. 

7.  The  method  of  any one  of  Claims  1  to  6  wherein  said  con tac t ing  

is  for  a  period  of  time  su f f ic ien t   to  produce  a  subs tan t i a l ly   complete 

conversion  of  isobutylene  oxide. 



8.  The  method  of  any  one  of  Claims  1  to  7  wherein  said  method 

is  performed  at  a   preselected  temperature  between  250-350°C. 

9.  The  method  of  Claim  8  wherein  said  temperature  is  between 

about  278-330°C. 

10.  The  method  of  Claim  9  wherein  said  temperature  is  between 

about  278°C  and  290°C. 
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